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EMERGENCY CABIN LIGILTINC_ INSTALLATIONS: AN
ANALYSIS OF CEILING- VS. LOWER CABIN-MOUNTED)

LB ;IITING, DUR ING EVACUATION TPRIALS

INTRODUCTION

Post-crash fire has been the s;ingle most important factor cortrilbutiniq
to loss of life in survivable air carrier and commuter aircraft accidents
tor survivors of the crash impact. Many fatalities have occurreo- because
the cabin fi lied with smoke with a resulting loss of visual reference, panlic,

and eventual incapa-citation clue to the toxic properties rof the smoke. Par-

t i,-ulaite matter (smoke) in the cab-in miay absorb), reflect and refract emero-ona7y
li jahtjini to the extont that emergjency ligjhting andl exit signs provide little
(It 11o visual evacuation information, thec loss of visual cues for direction
and ,i i stance to thte nearest us~able exit can sign iicantlIy prolonq the time
res:uirod to evacuate the aircraft, thus subjecting parsenglers to irritants

and toxic by- 'roduc t !- o f comid)ust ion for lonoser periods (I).

The Protect ion and, Slirvi vs. i lboratory, of the Civil Aeromedi cal
lnatit ute (CAMI ) in it a ta roaram to s-tudy cab in lighting ill respotiac

to a re "ttoqt rem the' V,(,!ort Avialtion 0 di sra ons stems Resca21rca

and' LDevelopmentt Service , tshno , D.C. (2) . The purpose of the at uov %,, s
to oval late the relIat v'o fea,(t ivoe 55of emergency cabi n light ii under

acoi ioa f s rt i iedor 1 avored smoke in an iii-craft cabin with re ;pect
t o t 55r ovacu lt ion rltes. TWO I ighti rig svstcms , onle a. conventional

c_0 I ill mo...tnlt-edj 11.dr io theo other an al alL o tet a'.'ateo-1 were :ompirsid
~ i ~.vaotton r iaii' ill the CXMf ivca on' "raatr he ro m

vt h ea tci in I - 7 / ov 1 sated the effecct ivoee- of prosen t- liq ilgh

re at romoot , iiin so!, caldoin smoke typical of a pe ;t crash tirest'.' r ronmrit.
A AMT i oraao~itn rpart was puiblisheti in 1971 n iitterim ret art (3) out-

'a i c II er c I nix I i ght inqt systems to be ev..it ittd in rel.ti m to
I isac. current illt-inq reisiriements who n exi ose': to a smoke etivi-

r":1mcli ipd, witct', to human avac.i-iition port ermainuo

PttRe feroch niito thie full series; ci- eva cuation te!5t:%;, which toirm
fa I te li: a r,, :sl o toots were cotutcted to evalusate the

I ighlt- It'i ' oq;ioa o'- an rl altornalti t(,e whi to, siroke ;11 evalcuationl

11t (l. Tin roa' i,)q( 1 elve] cilonit was root'leted i n 1 970' and ci ted in a
-A!i urondi: roor ci4 ) . 'lle (lni e atde.'lo' in an at1tempt to- over-
'nMo tha )F r tI iecord test ;u!ia-iect- movement in the cabin ii film

x'ctinl 11c, u uoo to ie'trur-t visii I itv. Too t fub jects were each

i 'AlIt a al i I ~ qoq'l i tee;iqno I to( dec resno lighlt transmiss,-ionan
avito us a rot rii nary, tests were connducted oni July 20 and

Au'ts 1t-l itc the Vi ihili~ (v-)ii tin f both goggqles; and

sei t' 5 . tO. :,IIa-a. 1 i';ht ;n'T <ond i t i ons. 'The results, of thesnze tests

1 Mr1O,5T] ti. iuirtr- reiport (51 . Atter cempletito
ii ~ t (i1titan, it W,15 coincluded tht the smoke (Iqgals shouldi

,.~~j jb i i I it', to imulaite thei l iverinq or the

. ~~ .. . .. *



depth effects of smoke as a light attenuating medium. It was ilso c(,ncluded
that photographic recording of test subject movements with layered smoke in
the cabin could be acccomplished by using imaqe intensifying devices on the
cameras.

During the same time period, the FAA Technical Center, formerly the
National Aviation .ici- ities Experimental f"enter (NAFEC) , conducted engineer-
ing tests of emerclency lighting in black smoke but could not conduct human
subject evacuations due to the toxic, properties of the smoke. The study,
published in a NAFEC Technical Letter Report (G), found that ceilinq-mounted
lights and signs are effectively blocked from view by layered smoke and there
is a significant decrease in effective cabin illumination levels even though
cabin air temperatures are still at a survivable level. Aisle Jqhiting was
evaluated in the forms of armrest-mounted fluorescent ]iqhts and floor-mounted
electroluminescent strip lights with the conclusion that, in a smoke-filled
cabin, aisle lighting mounted near floor level prvide.s fassorkler twareness,
exit location information, and cabin illuminati, n Fot a ]onc;,.r letiod of time
than ceilirig or bulkhead-mounted lights.

With the previously mentioned work laying the foundation, the fel lowinq
study was undertaken to evaluate the relative effectiveness of two types of
emers ency cabin lihfliting under conditions of "stratified or layered smoke in
an aircraft cabin. To relate emer gency lighting installaition locations with
evcuation performance, a test program consist ingi of six serics of four trial
evacuations eatch were cons lust ec a t CA701 I ar ing Jun uicd July 1980. Thi sq reprt
describes the conduct r)f thiosc tests anid Hie eslt of the prrouram.

METHODS

Subjects. A grou; of 40 subjects was used for each evacuation series
with the exception of the first series which used 20 subjects, for a total of
220 subjects. The subjects were furnished under contract which recuired that
they meet the criteria of a representative mix of the flying public by age
and sex and had not particiated in an emerqency evacuation within the preced-
inq 0 months as specified ini T'ederail Aviation ourl] ition (FAP) Sections 25.803
(7), and 12I.201 , Ar pend ix D (13) . 'fable I br,,aks the sub joct 'opulation down
by sex and mean age, for each test :erics.

Cabin Configuration and Lightin _. The ovacuation simulator was maintained
in i level attitude ait ground love1. A 4.9m bI, ft) by2. I4m (8 It) by I . 2m
(4 ft) black plastic shroud wa:s placed outside the Type A exit to form a tunnel

to prevent outside light from entering the cabin (Figure 1). A floor-to-ceiling
partition was placed just incid the exit, effectively blocking from subject
view the actnal oxit is they (evacuated along t' ho aisle and al so served to

further block any external ] iqht at thio exit.
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Figure 1. Type A exlit shroud bloce 
dh trmetrigcbfhrog

sjmlatinq night evacuatiOnS% 
ubIjCCtS paSsedthrug

darkened tunnel before- st1 ju~ in totprg t lgh

Tunnel evacuation tine- wore net in"cldditoa

evacuation times.
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Tea Nuberot 10. "t
>0 ~ ,1 1U al et c Pt1 MeaLn Aqe_ ( Yrs;

A 8 1 2 202.

B 18224 23.0

C'~~ i25 40 2.1

<1 7 2 22*40,'' 9 0/,). 5

15 2540 353. 2

~1ev, aiqe 10, drop~ped out after the firtt control OV.1CLation and was

tot j no I ude inl the(- mean aqo cal cula tiion. A 25-year-al 8 maile dropp ed

,,,t after the thirdl evacuiation when he reinjured an old knee injury.

-,'ear-ol~i female dropped out after the second evacuat ion because of

asprlenionabout thle viqorous activity and the smoke environment.

The sytmof l ower cabi -mounted emerqenicy 1 iq~ht il' consisted o~f
ottts-muntd ii ;le I iqhts and bulkhead-mouinted exit locator s qe.The

1i11 interior was cn fi qured with double and triple seats the full 1 enqth
. h e. ih abia.Alterriato left and rig ht seat rows were equippedl with

I i.11ioht assemly" built into the armrest (Fioiure 2) . The lilht units
j---wait tli sorescent tubes mounIted behinld anl edge-lit prismatic Lumipane

('1* 1f Thm i, uper lena con ta ined a di rect iona 1 arrow and the weords

'11Pi'' !x II. " d 1. lc 1r i I il:; hlal I lower pl;-nat ic I iqh, ranlA that

I Ioc tt l i ai at' lowe~r torttionl Of the rret Inl thefrad
t*rie ab twt, twiilset hald newer- i'r(nttytI(, of al le1it in1

is . The 1o't cvile. 'wil it seat ha'a I 1-waitt fluo)res;cent tubhe holii '
11 Tsk ("P) * 1) hi it lite the top, of thle armrs n oe l

1-dI si l,! 1 'iev led, I iqJht onl tihe aisle 0(inre t he ri Otit s-ide,
it 1 Iea hala -v pt l soresscent: tubeo enclose(,, on thr-ee id 1-v a white

to'octOr111 M't sateltslr tills a ia 2 set hltO om nabion.

T 5--i C- tt '--'tO t t ~o n i o- mIr-v)woe

-'.1a I ttocrs-atae tlflma (1'iqure 4) ,at and be low the midpoint

ft, 11 hi t1 i-t e I it 11 i J i titcc. The at iei S;i,:i shown it ii doe i at

W, W...... I 12cm (,a;l-rximrltev -I Is il) tOj

-'- vI- II i I~- I i l l'it aw v 1 1 1s4 i)i least ill jlit 1lllitilt)

t' Icti 1" l

SaW4c ~t p,'l rtlTX.
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The I lit i :i, ytemne toti Sa 'w ;, w ;mui *
tlxtor(-e with :1ai~ee U sli;iiiu ;i i : 1 i;ni'~l n 1

I..' luAx (0.11 tl)Ot All e) it t;c~
t 

u n~ t h iIt l f rik ; tiltcii

T! Ie va ILie i n mere tt, it, t wic t~ ',t( lot ? tin) %vt Ia i a;, a - I'%' F-Al P 2",. 81.'(')()

A incar OXkidesc~ent cross-aisle exit locator sigjn and two exit identifica-
t aon a i were also usedI as lart of the coIIventio 111ily mounted time r(;t nt-v
1 k"11 irum evst em. The crass-aisle sign (Figure 5) was a Luiinator (TM) * unit

1 ;wtail245c ().5 in) above thle oa~r aind prr v ied oa.32 1 ox ((1.n(3 fot

,anudi) on; tho cross aisle which is alsc above thle minimum specified b)y FAR
25 a 2 (1 lle of thle two exit i dent ifi er 51 gnu; wa:u- t ca-b-in sidewall-

in;aite.! ILam i tetor (TkM) ** un it l ocat ed 1 37cmi (54 in) ibove the f loor. The
e a x it i dent ifier was a (;r i fies * ** un it moon t ad 1 '95cm (78 in) above !I uor

level ina above the Type A exi t (Figure

Fiqurt' 5. Cross-aisle exit locator igtn mounted above the

intersection of main andi cross aisle at ceiling
hleP(ht.

*[,sxnujaiaton Div. , ;Altan Indo;tr ie Irie. , 11 aia, ikx. eoI1,-.0419-3
**t,;miritor iuiv. , ul ton Tnuoet rice- Tic. , P1ino, Tea.Medel 1,-_0482-7

Co >~;'., lrbana , (dii.. MCee I I 01i,
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cxi t .;i i ncjtI mount ed di rect ly over the
_'i o IIit. m> Pount Ito r inllt side of 'Type A

V ~ ci;-',~ iI i ibinqreouire-

.. .fln-; .ii~15.2cm



Layo ro-t stmickT'. It' ' I tW!i c1()IIL 0 oX IC : no koe w.asi r (t i era t ed b y a
I'.; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~W, 'o <c;(:'')*aikeI iva i''J;inI is'wi Iaced into

tihe i ntaike eot a :;m k ~iirt fIi-ItI 1(,!I tic1 W!ic yoii11 i:;ted ()fa q I dtirrel
.,II :An in I 10Vk nlcti hi Utt I i- !;oks -nto a plenumv forminq

'V" into two, i-i rich iia)Mt lt r 1;t cc ( u re 7) .The orifie of thie upcper

~ictdititoi moketow c t he itt -itbis. 'Ielwro i-'wseupe
with vanies livill'I t lit, Tnok( I (firt'clcws-vortex ini the forward

<Ii i. P r1, 1 i 11 1 r% WO rk , Ic 1 CIr d i 111; -U;inke op it. ic-alI d e ns it y me'a SUreme n ts

h1,Id s;howlrI t 11i 1: to heI. ii tl ct lt ashi , rep,)ro du c bhIo( me-t hod f or c re at i nq a

,iyerei s.moke orixi ro:riri i. thle ct 'iin ffth evarsat ton siimulaitor (see
A:: etch ix A)
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Pliot omett lii c_ lust tim l I it it I'i .i iii I 7 ', i l II

Was recor'lt'd oil I Omm met i or t I i t ct iI f iiiwiI I *n. p, -t i 'r Aidi two. i nto('it

Ci Iith'I IaS4. DI i I I i t I ji In' Wi 1 11 '', te i n" I 'f Ii I*r c lt:; wtr (( 'n iU I oPe

with Jaivel in Model 2.'( Niolit Vicwin:' IklVc:;* to I , .!f !1 1 tWI 1 t Ivel-

filetoeq rapliv -.A t jut1~ cqloik wr;t I .1 1)1 n " t. ii2\ vt'' t lie .. X x. i r1

Came-a aIrid t lit- rea " ll ite eiort car ' A"" ra Wa .' li 1\ ('d wi i''i i i i l i ltl

the t i I II ma rcli n. 11w l ,iea Ir e "IuIeII0It i i;'i e w.eel i ki: "( 0A ii d t ,; t ley reacthed

the end o f t he 12 . ')m1 (.11 toot ) wair t. I l i'.J It; I'A ' cresi; aisle, and

exited thrniqli the 'Tyl e A exit (Ijkiie H , ill? ei i':w'

A,

4!tli~ w crw iislo at th. Typ'e A

''xi t .;liiwrittui q~ lt 1) ''XIt I hroUdl (darkened
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!-I- -Il C MCY"l Il~old Ift '111i c~v(lt ll,

lI ewi t1 earer ace(!q t d n t t h( r I o~ C1 (t1 'I I ut. V( i ' , i e o

Ev, cuitPi Alairm itII( Tide;n- L'''ste'm. Tlt, (-'i j1it i".111100 1 ,

h i ch theIs t l mi -,I cl ke wee em'r' r t ho- I in I , i vwIt ''i

t~ k' Ifr t~~~ tIrI' tj iItr olI I )1 tire t; i~ I bt m'v

t I- t iIm riM ! ~ I-, I- me -i tu

I '.r vr'ci signaling the start, Of the trial to the subjects. Thu
t ' itI 11n st art Of thle t I-ial to t11 t imeT( th 1WIasf7t sub M(t move' f1cc1

a row i !It, the( Main aiSle was Yeo(rde i ()n lr~imii-iie d !ate1 Wdl ohes.

e t were gjiVen a brief irrql about the onurp)se o~f test ieq , the-

the task they would be re il re d to perform, thl(,e otent i a I

'i"re iqht be expo)sed to, and theoca nc0rl il experimental

\ 'in fcrmat ion walqivenu ib ut the t;: -ci flu nature of the

Iwell 1 qlmtinnc o)r smoke corel it ion they coLdC ( X~ICCt Onl a gjiVenI

I rv~r instructions were to Iijeten to, the CAMI fliohlt

t' "t., r' !t 1 uct ione, do) as they , were, told, and evaicua-te the simulatr

*.................si Le. Eac sub ct wore a nunrbe red vest for ident ifi c-

* r.r i,i nian as tne cat, wit fIiaorep ein number for eaIch

t ei he tes;t protocol (Appendix P) , fll] ILnikht caibin 1 ightinc-

eI : I'dl () the t we ecrtro-lt ovacu t ion trilr in each s7eries. 'rhe
111r i I iIi qh I t i nla was als I uC),sed onl thle th i rdI and f(u iu th t rialIs w ithl

arro net i afiter the smoke had been iTet rouecd in to the cabin fo~r ()n

* ora ae hadl layered un iformlyv inl the ur per hal (t)f the cabin. The

b c-. t ibi i ~t s were then a ri-ed off and the emo rqencv 1 iqhti eq aipprn-

c-i at(e fo~r tha't parti cul1 ar trial was turned On. As the layered smoke

be' ran tee ;t tlc into) t ho lo-wer halif of the cab i n, the e vacuation bell. was,

-smedo. 'flu time the lights were switched to emergency until the

bel 1 1 rundedi was ipproximate ly 1C) to 15C seconds , 1 imit inq time for Visual

lac et! tt in L the sulb j ct s

'Mm es e.r meltc emte r'recv Ii qhti eq s-yste m was., counterbal1a~nced t brounihout

th 11c = ci of evacuat ions to, mineimti ne hi as; res ult ileq fro-m pre!7ontat ion

Cce it 1 1 11u 1 le a rl e nq ef fec ts I anid u ib ct r-at iqu ojiIr bo redom . Upon
cclo rdi o rom the previouls triall, the su~etawere brie fed o)n their

oer ormalrco on1 te e erevious trial and were eneIou~raqed to C aiin theLm-

ieI '' in real emerge(ncy during the( Urc(inie tr-ial. Dit terut vrin

<'I alLl; c.-e'ti rnlnire were civen to, eaeih a;ubiect at tec- each trial to

rudthe il c ub oct ive imrrrse5orvrBll 55 t5o the just com-

et uld t r isi I , in. hodirmm tirec- foei es rld o'vaIllration; 'if a nuimber oif

ur)vi rorrImkrt ) a , ~rsin the cablin (seApp end ix C) I In .ud'i fi toinlt the

CA M f I I qhit at t enditnt 1 a' h rt I t 1' 111e iit i'i 1 1 h1atL t i I ri' I I;eV I i i

f lit tibi (ct; t o t 1 tl ?-(' t hrn 5. t

II4
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The times f-rom the, S+art of each Lt.ial untilI thle last s3uhject cro!csed
the exit threshd-ol i are shown in Tabi-le 2. Also shown are the elapsed times

orlt-he last subi tet Moved Cront the seat. row into the main aisle. The
fi irs;t tid stecuito. con! t vatculit i-is aver- aged 32. 7 and 24. 8 scconds respec-

i v. 10 1e cii F -oO e;i vWuat lons for an overall improvement of 7/., seconds
* . erce; - :; i .0c: 1trio I . 'Thesek. trials wore, intended3 to bring the

a c; s;i acmm nI:e 1,ic, cel i nd minimizte the inoteractioni of learn-
i( e -ffc~t sW tl t v i', n7I var! I~c r;nosU."SeCUtat t-r ials. Stich inlitial

cmtcv ertWi1; U;t'< i iereitwt h r:uz- of a previou-s study of
'' ia ii~sec ill,;-cs V 'V.JIt jot, rep''tfit ions (10) . Ti is tra !tn,;

e xe 11, a 0 i 'i 21 t a:.w t ' iiod rese2rvat-ions ab-.out part ic i patL:
It- W:10 a'it' :i'V;. teI' t~ii r~tpidlv. inl '. crowde d ailto

t-hiri fror,:;eia' !" 'efor'' T'I r'irlwt riOI with oricqency ligthting
St!!t wititc 0'1 1V i'~i ~i i: it til!* :ottam of-

;-<2e' ii i -ilk t, -. 'r',' ed 2 owr' to half size

r. -t Ul. lct.I to c v v,' i,..t I,, . ue oh c1~'' and t.'allworl
c, tin,- '-?7C-t tV, ic '.~ L' *1 01 t,. I withou"t

ren''nia a; U ;i 1 VK'it''t'i; ,a! I. w;'r ar,;ar
e-I- fil.M. -'Oeics A ' ri'ci~ li'a; I;,t' 1- t~'' a i 'j ct f t of v cu

ot~'nv~c to!-iil jr",'' t'1i 1t 5I'''n 'eindividual
r-rformaace-, 1,l tot II ti 41:o 'Iri ;roin, '1t1-0aoo t~ rit

rt:li;( "reor

'Vat''SO~iev'r.2I c i- c' i j't .;rc - 40 'pnene
sub ct-s \~~i tann~d I ~ t w tiir it imj'reve-me n -)ver coi,-

*;e tiion Icc i q'sot''0 oht inounic 1r SMOke Can1diri ens . :%n overallI
* ~ ~ ~ ~ 'i c orac ~rvmK r '') ilh :t, A 111tlt iT Was evidlent

;en000.-inP;t 5er gc for . c I:Aori Jl it '2d tt U ji.

Avero'Dr~t,! ix'UA eorr irf i s;hown iv Fiiure '9 as cmie
t ril ofcoit b]ccdtw. iIoo iti triols; of all .;enies combined.

'tbe4 1hOW!- t! cent Ic g ven. nt ii ave rate ,vacuation rates po'

subjectr, ulit a01 Ic 1 icbti- c a sons-oe t coi t)-anc lightincg.

Dietaisle I liqlht ino ro:'suited in >Oortor time per subject evacuation
raites rcrdcso,'ieth i t wan, employed be fore -- (10.8 percent.) or

s Ubseolue'nt to- (21.9) *o rent thetin LiiaI omj'l vi tiq eV 1 i no-moun ted 1ligh ts.
An; overall. performance impravetrinent of 19).7 percent. is indficated for the

.d)s iZ; ned ttiird and f.ourt-h ile1iht itrascompared to the coiling-

mTounte"d I icthts .

As early as 0' concertn for upirading cabin 1 ightinq criteria

became apparen1t. A se -ries of I'AA and i ndustrv cotiferences were held to

re-view re';julatio, iaittvolt v tot crashworthiness and passengeur evacuation.
As; I ri'sul t of thsenee t Inan, the rtn1 inon emergiency I.ight ing,

It ar t s5.12, wa s cx tf-ns ive Iv rcwn ri t t in andi ( ame nded (A t ober 2 4, 11)07.
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TABLE 2. Total Evacuation Times; Per Trial

Test Trial Total Time for Last Timeor r Last Number
Series Subject to Reach Exit Subject Into of

Threshold (sec) Aisle (sec) Subjects

A 1 27.5 14.6 20
2 17.7 8.6 20
3 Ceiling 29.8 7.8 20
4 Aisle 21.3 4.4 20

B 1 33.4 19.2 10
2 25.3 17.2 4(0
3 Aisle 37.0 13.2 40
4 Ceiling 40.4 20.6 40

C 1 34.0 no data 40
2 28. 1 14.4 , 0
3 Ceilinq 44.5 17.8 40
4 Aisle 36.5 12.0 ,40

D 1 34.0 14.0 40
2 24.7 10.4 39
3 Aisle 28.0 13.4 39
4 Ceilinq 34.6o no data 32

E 1 32.0 17.4 40
2 26.4 10.2 40
3 Ceiling 38.9 13.8 39
4 Aisle 30.5 10.6 39

F 1 35.4 24.2 40
2 26. 3 21.0 40
3 Aisle 33.0 17.6 40
4 Ceiling 44.1 21.4 40

NOTES: Total evacuation times for Series A are not comparable to other
* •series because of smaller number of subjects.

Ceiling - Ceiling-mounted emergency lights
Aisle - Aisle-mounted emergency lights

Uneven number of subjects in Series D and E are the result of
subjects withdrawing from voluntary participration.
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TABLE 3. Percent Improvement of Overall Evacuation Rate With
Direct Aisle Lighting vs. Ceiling-Mounted Illumination

Usinq Experienced Subjects With Layered Smoke

Test Liqhtinq System Total Evacuation
Series* Sequence Time (seconds) Improvement

B,C,D, Control 33.79
E & F Trial 1 average

Control 26.14 22.6%

Trial 2 averaqe

B,D, Aisle Liqhts 32.85 17.2%

& V Average third trials

Ceiling Lights 39.70

Average fourth trials

C & F Aisle Lights 33.49 19.7%
Average fourth trials

Ceiling Lights 41.73
Average third trials

B,C,D, Aisle Lights 33.17 18.54%
E & F Combined third and

fourth trials

Ceiling Lights 40.72
Combined third and
fourth trials

*Series A has been eliminated from this data as the first series

used only 20 test subjects per trial.
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TABLE 4. Percent Improvement in Evacuation Rates
With Direct Aisle Lighting vs. Ceiling-Mounted Emergency

Lighting Using Experienced Subjects With Layered Smoke in the Cabin

Liqhting System Sequence Average Evacuation Percentage
Rate (Seconds/Subject) Improvement

Aisle lights - third trials 0.84 16.8

Ceiling lights - fourth trials 1.01
(118 Subjects)

Aisle lights - fourth trials 0.89 21.9

Ceiling lights - third trials 1.14

(99 Subjects)

Aisle lights - combined trials 0.86 19.7
Ceiling lights - combined trials 1.07
(All 217 Subjects)

In May 1972, the lighting criteria was again revised to upgrade emergency
lighting system re(-,uirements for wide-bodied aircraft. Since that time no

siqnificant changes have been made in emergency lighting requirements.
There has been no requirement that general cabin emergency lighting or
exit locator and identification signs be proven effective in a cabin smoke
enrvi ronmen t.

Dep;endinq on it. de!sity anld distribution in an aircraft cabin, smoke
can become , considerable restriction to effective visibility. Because
smoke tends to stratify in an aircraft cabin, with progressively increasino
oftical densities from Floor-to-ceiling levels, emergency lighting and
internally illuminated signs mounted in the upper one-third to upper one-
half of the cabin may be rendered ineffective even though the smoke
densities in the lower part of the cabin may be considerably less visually
restrictive. Lights and signs which are restricted from view by smoke
offer little guidance during the evacuation. This is reflected in the
increase in evacuation times recorded for trials using ceiling-mounted
liqhts, as shown in averagie evacuation rates in Figure ) and Table 4.

Relocating emergency exit signs and locator signs lower in the cabin
'would appear to fulfill the requirement of FAR 25.811(c), reference(Il)
which sta :es that means must be provided to assist occupants in locating the
exits in conditions of dense smoke. The criteria for dense smoke are not
lefined but the results of studies on the effect of smoke on the visibility

o exit signs (12,t3) indicate that signs similar to those meeting the
critfria of FAR 25.812 (b) (1) (i) are not readable with any degree of
certainty when the total optical density of the smoke between the observer
ancl the siqns exceeds approximately 3.5. This value is based on otherwise
r,timal viewing conditions and thereforr, r robably exceeds the density that
wml I render the siqns ineffective in an actual emergency situatien

17
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involving smoke in the cabin. The pres ence of even very lo w conicentra-
tions of irritant gases in the cabin will produce a loss of visual acuity
and impairment of vision (14). Larger or brighter signs are, a relative-ly
ineffective, or at least inefficient, approach to compensating for higher
smoke densities though such signis may be more effective in meeting their
intenided puirpose at lower opti cal densi ties. With this limitation, the
most apparent mnethod for improving thle visibilIitv of the siqrns in thL,
n)resence or s;Moke is to locate them tower in the cab:in whee te smo()I-,
normlall lv oS dense;, but hih! eniouqih -jbovej floor level to be secen withoutt
obstruct ion fr om vijew by interior features suich as seat back.-- or thle move-
menit of F~uec utirroul-h thle cabin. 'rhle decrea ses shown it, evacuation
times for triails n amet- one aisle lightingi in this ;tudcy

nd icaite-; the effecti yenes s of Iliob ting systems IrS Unt(L 1d be lw the layered
smoke (seoe rercn imiprovement in Tbe4

Dvmoun'jti jkg '_igujs, aisJle 1 ichts, and cross-aisle markers at or bel(ow
tho% m iipol nt of t he cabin , ill umi nat ion in the aisle can be achieve,!i
layered smoke at or above present mini mum levels with proper si.,.r'ici and4

paicii o f 1 iqht s. Thie optIion for alternate mounting lcat ions of error-
IOTICV exit mark inc( 01 guIIs and eme rgency illtumi nat ion of tlihr iiilwi

'noso tlvexists 5 1r. ther reula1'to-ry roelu i remen ts 0o: 0 It I(d)2,.)
anld 25 12 (c ) . At leas, t one such adlop tion of this.strc 5 boonCi- !CCOI.-

pIi shed oi modi f icatic's to several Gui fstream .\mr n 1 C ii rcraift
with cert if icit in-:L byv FAA Southern Regiton in, Decemi oer 1 980)(e Ar: endi D).
The mcdi f icat i en inlcluded mouint irig eme rqency i ght unit.- under ever'.' third-
seat new, fI oclinq the i is low'Av with ill umi nat ion at a Ilevel .1 bove that
which i.- recrrlirod by reguilation. This cert i fi cat ion Was ratdwit 11

technical iu i danice o)n emerqercy Ii ght inq from the FAATe nIca ene
Fire(: Saif e ty P! anch , ACT- 150.

AP. 2 5. 8 12 (c ) dnos no t reo i ref t ha t o enera I eM('en r IC11CVI I (T ilt i Iq. sys tons
be mo un te a Iit th tcce i 14 i o or otLhe r ove rhea d l oca t i ons even-7c t. tn, usih I I h e
reso 1 rement for measurement )f- i 1 1 mi nat ion level s' mi lit 1'e' i nO njre ted
to, imp iv such a loceatio n . A direct aii-,le--i(htin I gystem, suich as was-

usdin t hi; sn ttidy and as found on) tilie k;u ttream aiirc ra-ft , Cers en I rat (

the generaI e me rgenicy ight ing- it) the' Iai 510' ', icO IN'lOW arImrest level
Similarly, lAR 25.812(d) does not s1-ocify the mouint inri po!-rtlen for the
s;ignls that provide illuminat ion of the cross-aisle passageways to thle floor

Iee1exit s. Hlowever , to the extent. t hat the I ,issaqo~iway' I i cht irrg is
jroV idccl f re.m thel( saLme fi Xtiios a.s I novi dle tcci t ion ' -id 'or i tenti ti ca-
tion information, FAR sp01(I)()oec ifies that ouhsiceno be, loc:ated
above the cross aisles or at othler overhead locations. Locating the exit
locator ! i ms - lower it t ihe cab n -trea mayv or may not meot this reonr 'kire-

mon .~nen ini n te arIi sla- ~r 2mi i rr f overhead. " If 'over head'
A, 1 ;dot i nod as iabove thet- I 'Csseqr 's s'ea t-d head he irh t , the exit locator

si 'Ins cooi' ho be mounted lower in flit, cab in arnd st il I meet the rektircment
fi~e il n in':nt ed above (higher t"barr) thle ail.An exit locator signl-

TTintrnra I. iifway down a builkheaid or gaill oy part it ion would still be visible
from the passenger's seated position. During thle evacuation trials, with smoke
li1v''r'"i mo~t- heavI"i lv in the ripper third ('f the cabin , Slob~ects ten(led to
c r' 'ch down or s;toop, overt t. s avoidl the s;moke , arid were lookirig for the

Yox it frcom ouit above seat tbar-k hig ht . These individuals who were f irst
-wni he' it l Ie had the qreates t nee'd to see o x it locator iosbelow thle

II

4-7



I -we ;> ;nloke. I I le I :;1i ectu ! t o t I owedi i n t r Iil 1 1-,lo--umen& ted (Th I 6(min
in PI 'erauc I L ealchI t riai iva Icuait iort . Luri n; t r i)I- wi th ce iIing

Iens i ;ht 'In ml i (1< sfl5~u I t (i inH;m~ , ;,uh ]OctI 5 had no visualI refer-
once: (I:; t 0xi t I ocat ion from I croiuchoki hody si t i on ,t bus LothI i ndi -

v du. 1ll qroup evacuti on times were! slowe r than ()n trial>; where s i qos
wi ; neatedit cabin micipoirit 1)r lel

[RCso Ilto Of :subjec t .;etIo~a o huhsub jectiAve in nature,
a x'ralereact ion t(' the14 Iil;le-mo, ntead liqlit inq sy;stem. Reported

ai soc icr; tat jp AleSwi tb the a ;emt lit liqI Sn L 'Fhe ef fect-s of the
Smoke on the ovi~a-nutdSio iH nd ti oh)t s were J udged twice cis !;eve re

011 on no nan I ichtS RVw'nnte~ eIt the midpoint of the cabin or below.

Tne tradi t los.; interpretation of lighltinq requirements has been
restricted ',o ceilinci and higjh cabin-mounted installations.

l~vaon.i- i;mes can bko red ucec in a smok- f A Ied cabin when eme roencx'
1 ~gt ~l adexit lo~e ;n;aeMounted at (,r below the midpoint o--f

'Test sub ec t ; r; S orte,, IT a;: 'a Al 1 1 redLs: 1ion in dis-orient at ion during
evarnuat io v).i t Isle I tubs, i I,,(, iruo-rd i nt to ib ,ct ive esoesto the

aest r i kn!1 i , ; Se; or di end i x

A,

be
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APPE NDIX 13

EXA' PAT KiN ktiESEARCul UN IT PROTOCOL, 80-02

2 I: ie rtlncy Cabin ldilhti nq Instal1lat ions - An Analysi s of CeiIi riq-
Mounlt-edi vs. Lower Cab rn-Mounted Li qhtinq Durinq Evacuation Trils,
!'AA Form '3 50- , ARD-h5t- 76-2.

tnt t claue i,, ' CAtMI' ((iii t11ii q inivest iqat i ns. in to commercial a ircra ft
-2-,l hwl it hi ,,Is ar '.tin fir rsa fet y is; in response to the PAA Technical

Centor' Vt rt Ka, oit V I Pror,im f : in and FAA Form 9550- 1 , TlechOn ical Supp ort
*orrtiic ort i1me ~icyhx I-io-qt irq Evil satins , ARD-520 Prolout No. 181-521-095

t~ t ''~ -h-K).The 41 leel v ,!T of Ak Pairt 115.P12 exit sitin and c-abtin
OrItase 1 iqiti n-i beatinsti ain willI be ana lyzei in deiise cabin

~-e~ a>~~pclof i- scterc fir noenvironment.

Pr-' ~ ~ ~ ~ ~ ~ h ii'iov k a4tr veopmelt af ai moans; toi uniftormnly
di: t Wh'n it' -smke isl the( of a the evacuiti on sims! atoi consIi a'-

i!1,; oi t C.et .Smoke o-i ic it Jiansi it trmet hive bet-1 ma'de
)U liii eIort t. io I ivetad smoko in the cabhin dIurisiT stir'-

t o !ti iiI tit'', ,e 1 mi ' ef-forts, we ha,,ve
'e''ela t io oI '&0 o' w', en l wii I il lfw uonci ;.tort smoke

''''Ac t ratii'it ' t iciil tin-in o~it, t h evacuation si-mulator aft

i.! r i i w'jricrn a cabin fire, or from ain

-ria I: : i k v o-nr:;vist-il v. xi s'~n;,cross-aisle signs,
ii tI- Al I oW!;, o1i ,iif Wi-; I fic) t ja ins; become0 less effective

i irs: oistion" tfranri,!t to pasneswile the cabin fil IsF wi th
7 -F., its -~A- 'lei! I i I CIe.tr n jr mc rIv N A FE(C tesF;t s pubIi shed0 C

r -, "A "IrkIi Ii'l , ary ; x-imi n i in on)f T nte(-rior Ai rcraft Eme rceticy
P I 1' i'' itci(,',t,-rah it nd 8;moke Cnnditins," found that

;; , --xt -r qii Ii it ce!fr to the- floor may increase
u. ~ Auii t wn he' i-o ii rcritt cabin IllI with Iavered

S ' 't cc r otid 1 i-~ mas d 1 i qhts 'Indcinsae ff-

ron p - I 'i,;i-rii ficint decreased emergency

-- 'usi! It I tct i ti ,i tm;eraitaro ito til 1 t a sur-
I V oI. rA. iut Iwa>i:; li~t' ii tic'e forms- ot irmrt'-t-

ii-'er 1 lori,, t Ilit ind t, Io-not- elct ral uir-iic:Ont S-t rip

1 1 T4 wi1t i t lie cra i i_ ('n ' ii it , in, ai snke-i i 1 el cab ini, i i slIe 1 icilit i no
no ir_ !' lee(r orovidus passengjer awaretiess, exit location informa-

i 11:, h1,in iuat 'anr or1 ki I tvw :i )e r ed (,I- t ime th1'in Ceiling- or
* . a -;:er t. i i 1 t-1,'e '' -- It' ti, :t rtio wa; rnilia.'t ci With actual
* sot,)n ti!, t, erMC of thle smoke beirli used.

''' I e rt~,:'nswi t L siokes atitcan in the cabin,

!1*'1- 0ti tr i i~t'v' itr tt in~t a)n Julv '0 and August 10, 1978,

I lu, i t tv ici (rt i -i) 1<1.0;' w i tO 1abscu riod v ision. 1-our tests were
~i stlt 4;'ho (M icl )Ih two tesFt daItes. Reciutta were

* r it' 5 it ii '5, 11ji .' ; 1-011 'i (I tt el in; the Juil y-8
:ej temibor P '70

':- T i itt '' I' pe-'i t t~~irLiaR AM-t-781-PRS- I '. !")t these
i 1 ct O ' , 1 a repre;ertat rye mix of the flying public,
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w I i, .11 LroliqfIt 111 to tilt in' ime 1I ,in iii~j levi' by !our t ridi I tUlk; e..r Ii ''r
iit t Ilk I t* itte t ,Irort, I it : Iat -:I fit-, :;tli jtct I rt i (-i Ited iit f( )r tentf;;

1i. 1 1 't 1 1t 1 k,% I II I v Vi l I i I i t ,, co l i1 t j (, I; at t l w;

Inducttl~ tS ii oi I.ac a Io Iul

li 1 t Ii ) r); ('Ii 1t ii I;. 'I ci f e ,1 tI

SM d'" 1, - -- A .~_ - _

St.; ~ ~ ~ ~ f, l IiI.; ;t ittit v: ttr have ben 14.)iho. I in CA,''I

* it t W''- o t .i tile work s bct I iv t in I'AA T'clni CdL ('1 el- ii;

j .k-;..; ,1w sei, tte13; vt etpro';ramedi to begin June 198J.

f. :uiI mc:t 5111 I~ lit jet: ':i o ,itjolt SIMrt tu I ,io lc (M ot oue

Wi i e W e inl t rh i-elt!; fthe; tOil] on I -itilt i ' Ift ciAbinr. !;v(rv, other

:'u r '- oi 1 elk' wi t .1 1 .I [I( tsr 'tel it 1 1 tI~t 'istumbyI tMlnifd_ ct ure-i b'~'

AM'V1* t A I- I1 Tt1l Wi "I t Iltt I L- . :t'l ' it wi JId 1 ttO (I Ii d t et
Itr i' r it ki'- n, -jIhf t' C' I~ - I I tie ' 1-1 di ;II i ll 'iS. WiC Ivl\'i dli i m r k

I t ' c it i t iIill l~ 11V dt. I'm n m il

IIt id (l t A t irr'-;I i' On I typ ii (,t FAR 11rt )5.8: reoni remenlt i
"t!Ins it -t r'' r, i K' I '.ItII it , i o tic.-, 11t11('Sc, i-it t ex it _ Ci s wil I I bej rov i ed

1 I t ir. ' xi I t ilidt''c ross-,iisl(' liqht will be installed at the inter-
it, 1(,- %t i t1 wift t cr-oss, a i sle. The incandescent lighlts

I~ lit I t, t-. f, 'it'' I i ( l t i5 i t,; %-t (,13 id ckin ,nidreti to t he I Io es

'ril i -' I w wit h t h'I I.~~ lit)r' ;t;'1t I i (ll~t f i xt urest i n the
li ri It of I I I- '. T: i I (in June, 17 will use the incandescent

I lii-Ptlit 'd I i ;ht In %vtte Iit 1ni Iwl 1,( withl the( aislej-mounted
I!i t~reS-(t ,;y!;! ol1 nn TInfl- l ) , Tria~l 3 Wvi 11 he fluorescent and Trial 4

I I t l ' lii' I:. ill!" I il ,ii] ll)"' and Jll I1~ wil I b Ie tHie same a:;
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'M!" exi t need" wi 1 I i-'e, I "''Ii A" (118.5 cm X 1H.2. 8 cmt) do-lqri . A i! Ie
,vi 1 I heL a [,II-oxtma.t e ly 25 m tfl t let''. Air I ie-typ Vj ( -,it! wil 1 1 h

itte t S c 2 (i! pit ~ih

A i aIt i t i 1 i i -:; bhexII i I I,;t ii >1 j tt i ns ide t he Ile i t rteary -Nit t( I lock
:;Ilitn i jht 1 Y m ''t " T tit'iM the'f -o wi rd 1 Virt, oif t 11 eah i i whenii _ te exit i;

(q ced . %,(, ,lodn a ructure has been e-ected u!t nt !a i 5' , adjacent to tile
exit , which re- covered with black plas tic andl has black ;plastic baffles
1ll?:flitm ront te ct- ii uq iid.This; at me1Ct nlre wi 1 1 ,;ervte i.-. 'tIri

ittlthe exi t to -re~vrt suil icift I rentr e-ntrujri t he,'. IC11Ilt ioni : i millitor.

lT( ltietat t it t i tl Ii lie wirlkjn levk-l wi th1 t Ii, ':imila't ot relmirt Ii 'It4

Itie (t1ttt. ;ealIe i ie t, safety niot w ill riot l", use;_d.

'Iwelit vr Til \ VIirt-_ WnHe tS ot il N, -h - -i~II1 Jul- 17 anid -10 subjects on

blie ted alhot ti teti ' tt Cal di t ion:; t hey will I'(-, io]t ill t lie

[abI~v of tile CNMI Ptii io. When both su eoind thIto t 0 >:t 'eh ico ar-e

m d , ~Ie)otz a il 1 1)( i i t he a tit('! i ~llt(Ir it1d)" si tnt e it The sante

sAt ssiqmitnt -,..i II1 ba ma ittatned thi-tlooqout t he tL est seories. Sa i

w;i 1, 1o -e , 5) andi t) ilri!t itt th,_ foiv'amd i t of the cabin.

,%tmeras wihi be 'ro jte ill the IYo~rar Itki irf SOo-tionsl of the

mula I or andl (otta idelc, v ie(Wi n, th1 e tesizt ';tIb ceot S As t hiey es me ;S thi hi( b ok

pl I oti hlr(,Lldirn the exit . ()it. aeari .;i I 1 he eitti pod! wit h
nukmeric t iminq ettiilflC't tt i] flob h lbs will qo oftt, qivmnll ta visull
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APPElNDiX C

S ro I P(f':;Ll I tS- of - I' e ,ustiro ir ii

I i 'I - i t' O N ~i' t O t 11t I er' l t cutr;(' I xt r i nillI t i t i II; ,, (o:; I 1F. t ;oI"

tic ro, i- fr( 'Pm .1 r ' t t IL' f i V _t c'~ to I t, 7 - it 4 t lie .10cc

t Il 0% C'V i l '' ic l PlcJ ' I'0b the( feuLl t Oft tilh' llCkcu rc k'ln'ljt (1, Vyen the
,I! I t t 4  i 'i: v to 1" i' eC I i' ie, 1 01, ci e0( t r I. ; 'Ithe noro

i ln it ' !,c 'J -j '- c-vrt en t I, th1i ird t r i I

1t Ttii'c~ Ii ihsoe ihcere were essentially no0

U'': I '. i. I . .'UA: lil

x- t r '.' I. , (2 t. i t i 0c. t c wer CI ru i i t Il

r r, , It ti ioI nti riou nt r,

I I I l t til tr Used o..p il 0CC-

c. O ' it I , lit t o I I-

0 t t I re nr t'(Ibi 'tCC t e -1trt ioi

.ct1 , 'icrc . :-t'icit,. wit h CCcvil H

C' Cc'.. ~I' td ''~t wi th tIii souind of fihe alarml
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co~ ~~~~~ iI w, I:'CC;l ci t.l''.', , t(I iti in ia Ie .jicdeo IcLat e by 5?2 pe rcen t
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'1'IAI1 .yiet inL ire Pesul ts , _Contra I- Liqht in, No. -

NAME: ___ ___VEST NO.

A,1;E SEX: _____ DATE: TEST NC'.

Plie respoend to (-very it emTi on this questionnaire ecrd uto yo ur L.
1 i!b;inent oil eaic I1 item17.

.1LV mtnnv t t_ ml. iv ",' '(,u fl'w!r as a- ~asrjron a romniere a] air] i nes

71 he ve r t17 )WT1
T v nca rv*f 'wn durir q ,ho part t,,( 'Jar rs

A' Throe C o five Lime

%2 o Mre th1,In f i ve t ime.,

As a ~eenaer , ha'oou(vr part i c iat ed in a realIen unveau~L n

5 Yes 213 NC) No Answer

Before the bell sounded, were you a~ware of 'your seat 1o't r:1 rot It ion
to thle exit?

146 Yes (,,I No -)Don, t romember

I)o you feel that the briefing cn the evacuation p'rocedure,- was:

142 Ade~iuate 22 Inade ruate
5 Too loni; q Too) short
C) Tee technical 37 Not speciftic enouch

10 c'Infusincr 71 Helpful

Did wu have a Feeling or an impression that a realemrec existed
dur inu the e vacua tion?

94 Yes 124 No 1 No Answer

If yo)u answe rel von to the alhove uoust ion, how stronrl was the fee line, or

39 Sliht 45 Moderate 10 Strong 1 No Answer

C-.T



I

Did you feel disoriented or confused at any time during the test?

64 Yes 153 No 2 No Answer

If you felt disoriented or confused, when was that feeling strongest?

154 Not applicable
9 When first seated in simulator

38 When bell sounded

16 While moving through the cabin
2 No Answer

While you were seated, before the bell rang, were you aware of the exit
siqns?

138 Yes 74 No 6 Don't remember 1 No Answer

After the bell rang and you got up from your seat, were you aware of the
exit siqns?

R Yes 126 No 12 Don't remember 1 No Answer

Did the type of lighting affect your confidence and speed of evacuation?

52 Yes 103 No 42 Don't know 2 No Answer

Do woU think the lighting was:
More than

17 Inadequate 60 Barely adequate 150 Adequate 2 No Answer

for a quick and safe evacuation?

How well could you see the exit when you first moved into the aisle after
the bell rang?

96 Not at all 61 Barely 60 Distinctly 2 No Answer

4C-3



TRIAL 2. Questionnaire Results, Control Liahtinq No. 2

NAME: VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best

judgment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed

during the evacuation?

147 Yes 72 No

If you answered yes to the above question, how strong was the feeling or
impression?

59 Slight 55 Moderate 33 Strong

Did you feel disoriented or confused at any time during the test?

40 Yes 179 No

If you felt disoriented or confused, when was that feeling strongest?

179 Not applicable
2 When first seated in simulator

23 When bell sounded
14 While moving through the cabin
1 No Answer

While you were seated, before the bell rang, were you aware of the exit

signs?

174 Ye- 39 No 5 Don't remember 1 No Answer

After the bell rang and you got up from your seat, were you aware of the

exit signs?

100 Yes 109 No 9 Don't remember 1 No Answer

Did the type of liqhtinq affect your confidence and speed of evacuation?

44 Yes 147 No 28 Don't know

Do you think the lighting was:

12 Inadequate 58 Barely adequate 149 More than adequate

for a quick and safe evacuation?

SC-4
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How well could you see the exit when you first moved into the aisle

after the bell rang?

92 Not at all 56 Barely 71 Distinctly

4C-
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TRIAL 3. Ceiling Lighting

NAME: VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best
judgment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed
durinq the evacuation?

83 Yes 16 No

If you answered yes to the above question, how strong was the feeling or
imoression?

19 Slight 38 Moderate 26 Strong

Did you feel disoriented or confused at any time during the test?

66 Yes 33 No

If you felt disoriented or confused, when was that feeling strongest?

33 Not applicable
2 When first seated in simulator
4 When bell sounded

59 While movinq through the cabin
I No Answer

While you were seated, before the bell rang, were you aware of the exit
signs?

73 Yes 25 No 1 Don't remember

After thu bell rang and you got up from your seat, were you aware of the
exit signs?

33 Yes 64 No 2 Don't remember

Did the type of lighting affect your confidence and speed of evacuation?

6(0 Yes 29 No 4 Don't know

D) you think the lighting was:

Inade'luate 35 Barely adequate 11 More than adequate

fnr a iuick and safe evacuation?

C- 6
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How well cou I, you :,e, the exit when you first moved into the aisle a Fter

tht hell ranQ?

80 Not at all I( Bai-ely 3 Distinctly

How much did the presence of smoke in the cabin affect your access to
the exit?

4 Not at all 16 Very little

30 Moderately 36 Severely
13 No Answer

How much did the smoke affect the lighting in the cabin?

I Not at all 4 Very little
29 Moderately 52 Severely

13 No Answer

How much did the smoke affect the visibility of the exit signs?

1 Not at all 7 Very little
20 Moderately 58 Severely

13 No Answer

Did you experience any physical reactions to the smoke?

Yes No

If yes, how so: (Please describe reaction)

A.
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TRIAL 4. Aisle Lighting

NAME: VEST NO. TEST NO.

Please respond to every item on the questionnaire accordinq to your best
judgment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed
durinoc the evacuation?

75 Yes 24 No

If you answered yes to the above question, how strong was the feeling
or impression?

18 Slight 39 Moderate 18 Strong

Did you feel disoriented or confused at any time during the test?

42 Yes 57 No

If you felt disoriented or confused, when was that feeling strongest?

57 Not applicable
1 When first seated in simulator
6 When bell sounded
35 While moving through the cabin

While you were seated, before the bell rang, were you aware of the exit
signs?

79 Yes 18 No 1 Don't remember 1 No Answer

After the bell rang and you got up from your seat, were you aware of the
exit signs?

68 Yes 29 No 2 Don't remember

Did the type of lighting affect your confidence and speed of evacuation?

57 Yes 39 No 3 Don't know

Do you think the lightinq was:

22 Inadequate 46 Barely adequate 31 More than adequate

for a quick and safe evacuation?

C-8
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How well could you see the exit when you first moved into the aisle after

the bell rang?

53 Not at all 31 Barely j_ Distinctly

How much did the presence of smoke in tho cabin affect your access to

the exit?

5 Not at all 25 Very little

40 Moderately 10 Severely
13 No .'n wer

How much did the smoke affect the li iht inq in the cabin?

'_ Not at all _, Very little

38 Moderately _6 Severely

13 No Answer

How much did the smoke affect the visibility of the exit signs?

14 Not at all I8 Very little

31 Moderately 23 Severely

13 No Answer

Did you expeerience any physical reactions to the ,moke?

10 Yes 74 No 15 No Answer

If yes, how so: (Please describe reaction)

97

4,



TRIAL 3. Aisle Lih in

NAME: ______VEST NO. _____TEST N().

P lease rswhitoa every i tern on O 001 USt i nna ire accordinq to y( Lir h1e-:t

j ocin.men t -n ca>item fa -rh tes~t jkl - tt Cung e t(d.

1U -h ie evictrat-r.

I voai 1.rIaweredi ye: f, h( 0r d va w nt4'1' 1i r(,(, ~I i nc

r ) ~l r inra T tns?

I /o p t i liCr i tat: )- )n r:,.< 11 (-,, ila t-n t> n leat?

-- "W', '1 1 1

V~la 'rwar, ro-'O: ,I In*5l ran, wa re ':an iwiar( f t,-e( exi t

11)5 Yes - . N -I r t rmembFr

After the hell rana- iml v Ii 1,* !1; r ~m _ ;eat1 were You aware of the

68i Yea 4 7 Na3 Don',t remember

[',L! the f ype at i a+ n itf Ifeit your cat i dence and speed of evacuation?

74 Yen I G Nra R Do~n 't know

Do yoli think the lightitiri wa s

39 Inaideruata- 54 D1irely adequate 25 More than adequate

f 'r . i ak and( s-ffe .vacuiat ion?
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11- well could you !;ee the exit when you first moved into the aisle after
the bell rarlq?

77 Not at ,ill _ a . are ly 13 Distinctly

How much did the presence (t s-,oke in the cabin affect your access to
the exit?

19 Not at all 22 Very little

51 Moderatelv 25 Severely
1 No Answer

How much did the smoke affect the liqhting in the cabin?

S Net at all 10 Very little
44 Moderately 53 Severely

1 No Answer

mii oh- did the smoke afrect the visibility of the exit siqns?

IA Not at all 22 Very little
-I. Moderately 38 Severely

No Answer

I[i youo tx~erieluce any !'hsical reactions to the smoke?

I Yes 99 No 1 No Answer

it yes, how so: (Please describe reaction)

p
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TRIAL 4. Ceiling Lighting

NAME: VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best

judqment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed

during the evacuation?

88 Yes 30 No

If you answered yes to the above question, how strong was the feeling

or impression?

13 Slight 39 Moderate 36 Strong

Did you feel disoriented or confused at any time during the test?

63 Yes 55 No

If you felt disoriented or confused, when was that feeling strongest?

55 Not applicable

0 When first seated in simulator

4 When bell sounded

59 While moving through the cabin

While you were seated, before the bell rang, were you aware of the exit

signs?

96 Yes 20 No I Don't remember 1 No Answer

After the bell rang and you got up from your seat, were you aware of the

exit signs?

50 Yes 64 No 3 Don't remember 1 No Answer

Did the type of lighting affect your confidence and speed of evacuation?
4-

84 Yes 25 No 9 Don't know

Do you think the liqhtinq was:

59 Inadequate 43 Barely adequate 16 More than adequate

for a quick and safe evacuation?

C-12
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How well could you see the exit when you first moved into the aisle after

the bell ranq?

86 Not at all 22 Barely 10 Distinctly

flow much did the presence of smoke in the cabin affect your access to

the exit?

13 Not at all 11 Very little

24 Moderately 68 Severely
I No Answer

how much did the smoke affect the lightinq in the cabin?

2 Not at all 7 Very little

38 Moderately 70 Severely
1 No Answer

How much did the smoke affect the visibility of the exit siqns?

7 Not at all 20 Very little

25 Moderately 65 Severely

-1 No Answer

I you .'x ,orience any physical reactions to the smoke?

14 Yes 103 No

If yes, how so: (Please describe reaction)

. .
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APPENDIX 1

Gulfstream American Corporation's ;;ulfstream IC (Stretched) ;-159

Aircraft Emergeric Aisle Lighting System Test Results.

The following is a narrative description of the aisle lighting system
test results obtained from FAA/ASO-213 records of the FAA Conformity

Inspect ion and Certification approval on the first Gulfstream IC (;-1C)
to be modified with seat-mounted aisle lighting.

The extended fuselage of the ;-IC modification necessitated the
installation of additional cabin emergency lighting. Commercially avail-
able liihts were instal led under aisle seats en seat row:; l, 4, 7 and 10
o0 the first aircraft to be modified. Lights were round incandescent
dome units made by Grimes ,* P/N 13-7545, containing both a 28-volt bulb for
normal ilumin.ation and a 6.5-volt bulb for emergency illumination. The
frosted len:s cast light down and out into the aisle. Tests were conducted
usinq aircraft battery power only.

Measurements of general emerqency cabin illumination were taken at
seat armrest heiqht with a Spectra Photometer, Model FC-200 supplied by
the FAA Technical Center. The lens of the photometer was oriented down-
ward and fixed at armrest height for initial readings. The photometer
wo; then rotated 90c up and aft at the same height to record additional
redinqs. illumination readinqs were taken in accordance with FAR
Part 25.812(c) and (d) at 14 positions along the aisleway, Table D-1.
The tveraqe illumination measured, looking down at armrest height, was
X.e lux (0.089 foot candles) and viewing aft was 1.02 lux (0.095 foot
'adlea), which were both well above the minimum FAR requirements of
.54 lux (8.05 foot candles). Light cast in the cross aisles from the

exit light!: also far exceeded the minimum 0.215 lux (0.02 foot candle)
retuirement.

The illumination measurements were made during the FAA Conformity
Inspection of the Gulfstream 1C, S/N 116 on October 28, 1980, by the
manufacturer, FAA Southern Reqion and FAA Technical Center personnel. The
report on the installation and testing of the emergency lighting system
was published as Culfstream American Report No. 159-GER-14 on November 13,
1980. The FAA Form 8110-3, Statement of Compliance with Federal Aviation
Regulations, was also issued on November 13, 1980, and recommended
approval of data gathered during the Conformity Inspection. Gulfstream
American Corporation submitted the report and the FAA Form 8110-3 to the
Southern Region by letter dated November 25, 1980. FAA/ASO-213 Engineering
and Manufacturing Branch acknowledged receipt of the letter December 2,

A1980, and approved the recommendation for certification with the aisle-

mounted lightinq system installed.

*(crimes Manufacturing Co., Urbana, Ohio
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TABLE D-1. Measured Illumination Levels of the
Gulfstream American G-IC Aircraft*

Photometer Orientation

Section 25.803(c) Section 25.803(d)
Aisle lighting Exit signs

at armrest level at 15.24 cm
Aisle Looking Rotated (6 inches) above Aisle

Position Down 900 Aft cross-aisle floor. Location

1 .225 Entrance to cockpit

2 - - .16 Baggage compartment

3 .009 .009 .27 Fwd cabin door

4 .14 .073 - Seat row ]

5 .026 .044

6 .145 .139 - Seat row 4

7 .095 .325 -

8 .125 .11

9 .127 .046 .55 Seat row 7 and
overwinq exits

10 .081 .074

11 .147 .034 - Seat row 10

12 .038 .035 -

13 .030 .192 -

14 .039 .057 .37 Rear door

Average 0.081 0.095 0.315

p. *Readings in foot candles.
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